AbstrAct: Skin and soft tissue infections (SSTIs) have increasing prevalence in clinical practice. The emergence of resistant pathogens and especially methicillin-resistant Staphylococcus aureus (MRSA) has led to an increase in the number of hospitalizations due to SSTIs. Daptomycin has been shown to achieve good concentrations in skin and soft tissues and is effective and safe for the treatment of SSTIs. In this review, I summarize the scientific evidence regarding the role of daptomycin in therapy of SSTIs, comparing daptomycin with other antimicrobial agents. 
Introduction
Skin and soft tissue infections (SSTIs) have increasing prevalence and are among the most common infections in clinical practice. The emergence of resistant isolates, especially methicillin-resistant Staphylococcus aureus (MRSA), has led to an increase in the number of hospitalizations due to SSTIs. SSTIs caused by multidrug-resistant isolates are difficult to treat, and often require patient hospitalization and use of intravenous antibiotics. [1] [2] [3] SSTIs are associated with increased patient age and relevant comorbidities, obesity, diabetes, prior surgery, and decreased mobilization, 4, 5 are also associated with prolonged hospitalization of patients, indirectly affecting morbidity and mortality. 6 Such infections tend to relapse and may cause many complications. 7, 8 The type and extent of the SSTI represent other important predictors for the outcome of these infections, which can be classified according to the severity of systemic and local signs and symptoms of infection 9 or can be defined as complicated (cSSTIs) or noncomplicated based on the need for surgical intervention, the extent of the disease, and the presence of systemic manifestations. 9 Thus, SSTIs that require surgical intervention, deeper SSTIs, major abscesses, and acute and chronic wound infections (including diabetic foot infections) are all considered cSSTIs. 9, 10 Although these terms have previously been used in practice guidelines, 11 the term acute bacterial skin and skin structure infections (ABSSSI), previously referred to as uncomplicated and complicated skin and skin structure infections has increasingly been used. 12 Herein, the term cSSTI will be used according to published practice guidelines. 11 Various antibiotics that are commonly used against SSTIs, especially cSSTIs and those caused by MRSA, have high treatment success rates. 9, 10 According to practice guidelines, vancomycin, linezolid, or daptomycin should be used for treatment of cSSTIs (A-I recommendation). 11 However, the prevalence of antibiotic-resistant Gram-positive bacteria such as vancomycin-resistant enterococci (VRE) and MRSA continues to increase. 13 Many institutions across the developed countries may have increased (.50%) rates of MRSA.
14 Despite the development of new antimicrobial agents, treatment of antibiotic-resistant Gram-positive bacteria remains a challenge. 13, 15 Although vancomycin continues to be the mainstay for treatment of MRSA, increased failures have been described. 16, 17 One of the available alternatives to vancomycin therapy that has demonstrated in vitro and in vivo activity against MRSA and VRE is daptomycin. 18 23 In 2006, it was approved in the United States for the treatment of S. aureus bacteremia, including right-sided infective endocarditis, at a dosage of 6 mg/kg given once daily. 22 Unfortunately, clinical failures and resistant strains have been reported with daptomycin. [24] [25] [26] Daptomycin has good concentrations in skin and soft tissues and may have a major role for treatment of SSTIs. 27, 28 In this manuscript, I review the available scientific evidence regarding the role of daptomycin in treatment of SSTIs.
Mechanism of Action and Pharmacokinetic Profile
Daptomycin is bactericidal and effective against most Grampositive pathogens, including those with multidrug resistance. 22, 23 The mechanism of action of daptomycin is different from other antibiotics. 15 Daptomycin binds to bacterial membranes in a calcium-dependent manner, leading to cellular leakage and death and causes channel formation within the cell wall, enabling the efflux of potassium with rapid depolarization of the membrane potential, 15 which leads to inhibition of protein, DNA, and RNA synthesis, causing bacterial cell death. 23 Daptomycin exhibits concentration-dependent activity rather than time-dependent activity (time the drug concentration exceeds the Minimal Inhibitory Concentration (MIC)). 29 Thus, the area under the concentration-time curve from 0 to 24 hours (AUC 0-24 ) and the peak concentration (C max ) are the parameters that best correlate with the efficacy of daptomycin. 29 Pharmacodynamic animal model data indicated that a once-daily regimen should be as effective as a fractionated regimen with the same total daily dose. 30 Following intravenous administration, daptomycin exhibits generally linear pharmacokinetics at doses of 4-12 mg/kg every 24 hours (q24h). 23 As the drug is 90-93% reversibly bound to human plasma proteins, the concentration of free drug achieved in tissues and the MIC breakpoints for Grampositive bacteria should be taken into consideration since there is increased risk of development of resistance at doses at which the minimum concentration (C min ) is at or below the breakpoint. 31 The concentration-dependent activity of daptomycin, its linear pharmacokinetics and favorable safety profile have favored the use of high doses of daptomycin to increase efficacy. 29, 31 clinical studies regarding efficacy of daptomycin for treatment of csstI overall efficacy of daptomycin for treatment of csstI compared to vancomycin and β-lactams. Daptomycin is known to be effective for the treatment of cSSTI. A metaanalysis based on randomized controlled trials (RCTs) has determined the comparative efficacy of daptomycin for the treatment of cSSTI. 32 This meta-analysis included a total of 688 patients in the daptomycin group and 869 in the β-lactam/ vancomycin group, who received at least one dose of the studied regimens. Only four studies were identified that met the inclusion criteria. Although daptomycin was associated with more rapid clinical cure, overall success was similar for daptomycin compared with vancomycin or β-lactams for the treatment of cSSTI in the clinically evaluable patients [(84.8%) vs 86.2%; OR 0.89; 95% CI 0.63-1.25 in three RCTs), or intention-totreat (ITT) populations [73.6 vs 85.5%; OR 0.98; 95% CI 0.77-1.26). [33] [34] [35] Clinical success was similar in patients who were treated with daptomycin versus vancomycin. 33, 34, 36 There was no significant difference in clinical success rates when the study with uncomplicated infections was excluded [33] [34] [35] or when all four studies were analyzed, including the nonrandomized study. 33, 34, 36 efficacy of daptomycin for treatment of MrsA CsstI. Guidelines suggest that because of the high prevalence of community-associated MRSA strains, patients who present with serious SSI infections that are possibly caused by staphylococci, should be assumed to have MRSA until proven otherwise. Daptomycin, linezolid, and vancomycin are agents with potent anti-MRSA activity that should be reserved for patients who have severe infections or those who have not responded to initial antimicrobial therapy 11 and should also be the drug of choice for surgical infections in hospitals with high MRSA prevalence. Guidelines also suggest that daptomycin may be used for treatment of MRSA diabetic foot infections. 37 Daptomycin exhibits concentration-dependent activity. Currently, the daptomycin dosage is 4 mg/kg/day for treatment of cSSTI, however higher doses (.6 mg/kg/day) have been used as a possible alternative. 38 In vitro data suggest that higher doses of daptomycin may suppress the emergence of daptomycin resistance and demonstrate rapid bactericidal activity. 38 Clinical trials and retrospective case studies have documented the safety and tolerability of high-dose daptomycin, even when administered for a prolonged duration. 38 In a RCT study of high-dose short duration (10 mg/kg every 24 hours for four days) daptomycin vs. standard of care therapy with vancomycin or semisynthetic penicillin for the treatment of patients with cSSTI caused by Gram-positive bacteria, daptomycin did not demonstrate superior efficacy to other treatments. 34 Data from RCTs comparing high dose (.6 mg/kg) versus standard dose (4 mg/kg) of daptomycin for treatment of SSTI are lacking but retrospective case control studies with limitations have shown possible increased efficacy with high-dose daptomycin compared with standard-dose daptomycin. 39 cSSTIs were the second most common infection type in patients treated with daptomycin doses $8 mg/ kg analyzed in a retrospective registry (the Cubicin Outcomes Registry and Experience database).
14 From the EU-CORE analysis of high-dose daptomycin, 52 patients (19%) had SSTIs and clinical success was achieved in 85% of patients. 31 Further RCTs are needed to evaluate the efficacy of high-dose daptomycin in treatment of SSTIs.
Regarding comparative efficacy of daptomycin in patients with MRSA infections, no concrete conclusions can be drawn from the reviewed studies. 32 There were considerable differences between RCT in the proportion of patients who were infected with MRSA. Two RCT studies comparing daptomycin with vancomycin for treatment of cSSTI evaluated microbiologic and clinical success in the subgroup with MRSA infections but there were no significant differences between the comparison groups. 33, 34 In addition, clinical success was considerably lower in MRSA-infected patients than in the rest of the patients with SSTIs, in both treatment arms. 33, 34 Overall, daptomycin was not superior over other regimens in this group of patients.
effect of daptomycin on duration of therapy in sstI. The time needed for an antimicrobial to treat SSTIs plays a major role in decreasing the length of hospitalization for patients. 40 Studies have suggested that with the use of daptomycin, fewer patients would need to receive prolonged intravenous therapy and could be discharged earlier with earlier switch to oral antibiotics compared to other intravenous regimens. 33, 36 A nonrandomized study failed to answer whether daptomycin can be used to decrease duration of therapy in cSSTIs because of its study design in which the patients in the control group had MRSA SSTIs, which are known to increase the duration of therapy. 41 On the other hand, the results of another study high MRSA prevalence indicate that four days of intravenous therapy with high-dose daptomycin are equivalent to eight days of intravenous therapy with vancomycin with a no statistically significant trend toward better results with eight-day regimens. 34 In a RCT with uncomplicated SSTIs patients, the use of daptomycin had no significant benefit regarding duration of therapy. 35 In another study, significantly fewer patients needed prolonged (.1 week) therapy in the daptomycin versus the comparator arm. 33 In a nonrandomized study, hospital length of stay of patients in the daptomycin group was shorter compared to the control group. 36 In a retrospective study among patients with a successful outcome, the duration of treatment with daptomycin was not significantly different for MRSA and MSSA patient. 42 Overall, there is limited evidence to suggest that daptomycin may reduce the duration of intravenous treatment in cSSTIs 32 and further prospective studies are needed to define the optimal dosage and duration of therapy with daptomycin in cSSTIs.
safety of daptomycin. In a recent meta-analysis, various adverse events possibly or probably related to daptomycin treatment were reported in the analyzed studies. 32 The number of patients who had daptomycin-related side events ranged from 0-42% but there was variability in the definitions of adverse events between studies. 34, 36 Nausea, vomiting, dizziness, muscle toxicity, and rash were the most common adverse events but there were no statistically significant differences in the incidence of adverse effects between different treatment groups. [33] [34] [35] [36] Regarding all-cause mortality, in one study, eight patients in each treatment group died, 33 whereas in the other RCT studies, no deaths occurred. [33] [34] [35] [36] Thus, no differences in toxicity between different treatments for cSSTI have been reported. Daptomycin seems to have similar safety profile compared to vancomycin and β-lactam antibiotics with regard to major toxicity events. 32 Of note, the higher incidence of reported toxicity that was observed in the daptomycin group compared to the control group in one study may be associated with the use of a higher daptomycin dose in this small study. 34 However, since such toxicity is rare, a larger population of patients would be needed to accurately detect differences in toxicities between the antimicrobials. Although daptomycin has the potential for significant muscle toxicity, based on the relative lack of severe nephrotoxicity, this drug can be considered as an alternative to other antimicrobials such as vancomycin and semisynthetic penicillins. Although clinical trial data of daptomycin doses .6 mg/kg are limited, clinical experience reported to date and evidence from case reports, retrospective studies, case series, phase-1 clinical trials, and randomized controlled clinical trials suggest that daptomycin is effective and well tolerated at higher doses.
31
Muscle toxicity. In the initial phase-1 trials, daptomycin was well tolerated in healthy volunteers at up to 6 mg/kg IV in two divided doses per day. 43 However, when a higher dosage 8 mg/kg per day in two divided doses was used for safety testing in a phase-1study, two of five volunteers developed increases in creatine phosphokinase (CPK) levels. 44 Two different phase-1 trials involving healthy volunteers demonstrated that once-daily administration of daptomycin at doses of 8-12 mg/kg caused no symptoms of adverse effects involving the musculoskeletal system or elevations in CPK level in any study participant after 14 days of treatment, 19, 45 demonstrating that the once-daily regimen minimized the potential for daptomycin-associated adverse effects involving the musculoskeletal system. In phase-3 trials involving cSSSI, CPK level elevations occurred in 2.8% of patients in the daptomycin-treated group, compared with 1.8% in the controls 22 and the proportion of patients with adverse effects involving the musculoskeletal system and connective tissue was actually higher in the comparator group (36.2%) than in the daptomycin group (29.2%). 22 Based on these studies, daptomycin dosages of 4 mg/kg per day are indicated as safe and effective for treatment of cSSSI. 22 However, the probability of creatinine phosphokinase elevation and musculoskeletal adverse events are related with higher daptomycin C min concentrations 46 and patients needs to be monitored closely for muscle toxicity if higher doses of daptomycin are used.
daptomycin-induced acute eosinophilic pneumonia (AeP). Of greater concern were the reports of daptomycininduced AEP in 2010 47, 48 following the review of 42 cases (7 likely and 36 possible) from FDA. 49 Based on the FDA's Adverse Event Reporting System database, the incidence of daptomycin-induced AEP is small and approximately 0.43 per 10,000 patients treated. The syndrome is characterized by the presence of new lung infiltrates and hypoxia and eosinophilia in bronchoalveolar samples. 47, 48 Peripheral eosinophilia and rash may be absent. The role of steroids is unclear but daptomycin should be withheld in patients developing new infiltrates while pending further investigations.
daptomycin resistance
Following approval, clinical failures and the emergence of resistant strains have been reported. 50 However, daptomycin has a low frequency of development of resistance in vitro, and more than 99% of S. aureus isolates were susceptible in large surveillance studies. 51, 52 Daptomycin resistance is often associated with reduced susceptibility to vancomycin, especially in patients with prior vancomycin use. 53 Clinical data from the retrospective daptomycin registry, Cubicin Outcomes Registry and Experience suggest that patients failing vancomycin were more likely to fail daptomycin salvage therapy compared with patients switched for other reasons. 54 However, no instances of development of resistance were reported in two RCTs regarding the use of daptomycin for treatment of cSSTI, although there were a large number of isolates with increase in the MIC of daptomycin after therapy. 33, 34 Ongoing surveillance is needed to accurately estimate this risk.
In an attempt to prevent resistance selection, higher doses of daptomycin have been suggested and studied. Better therapeutic outcomes were achieved with higher doses of daptomycin (8 mg/kg) compared with lower doses (4-6 mg/kg). 39 However, the probability of an adverse event increases with higher doses and patients should thus be monitored closely if higher doses of daptomycin are used for treatment of cSSTI.
The role of daptomycin in treatment of sttIs in the outpatient Practice
Outpatient parenteral antibiotic therapy (OPAT) for SSTIs is cost-effective since hospitalization may be either avoided or reduced. 55, 56 Once-daily administration, activity against MRSA, and proven clinical efficacy in cSSTIs and its safety profile make daptomycin ideal for outpatient administration. 57 In addition, bolus IV administration has comparable pharmacokinetics and safety profile to a 30 minute infusion, which may further enhance the utility of daptomycin in the outpatient setting. 58, 59 Use of daptomycin, at least in part, in the outpatient setting for cSSTIs has been associated with excellent clinical success and early discharge was associated with hospital-charge savings. [59] [60] [61] In a retrospective analysis of clinical and cost outcomes associated with MRSA, cSSI treated with daptomycin, vancomycin, or linezolid, the length of hospitalization was slightly shorter in the daptomycin group. 62 Thus, although data from randomized controlled clinical trials comparing outpatient use of daptomycin to oral linezolid are lacking, daptomycin has a major role in the treatment of STTIs in the outpatient practice.
57

Limitations of studies that have Assessed the efficacy of daptomycin for treatment of csstI
There are several limitations regarding the studies that have compared daptomycin with other antimicrobials for treatment of cSSTI such as limited number of studies, suboptimal (eg, nonrandomized) study design in many of them. 36 In some studies, the patient population had only mild infections 35 whereas there are variations in the definitions of clinical success between different studies.
These studies did not have similar definitions of outcomes and the duration of therapy was often different. However since most patients with SSTIs are cured by the use of other antimicrobial regimens, a large number of patients will be needed to prove statistically that daptomycin is superior to other antimicrobials, if there is a small additional benefit by the use of daptomycin. In addition, more studies are needed in patients with SSTIs with lower success rates such as those caused by MRSA. 33, 63, 64 conclusion
In conclusion, recent data suggest that daptomycin is an effective antimicrobial agent for the treatment of SSTIs. Daptomycin was equally safe regarding major adverse events compared to vancomycin and semisynthetic penicillins. The current literature on a high-dose daptomycin treatment strategy suggests improved in vitro efficacy safety and tolerability, even when given for extended durations. However, evidence from randomized, prospective clinical trials in large populations in support of improved in vivo efficacy of daptomycin compared to other antimicrobials such as vancomycin or linezolid is still lacking. Once-daily dosing allows ease of use in both hospital and outpatient settings, is cost-effective, and may facilitate early discharge or avoided admission in some patient groups with SSTIs. 57 Further research is needed to identify the optimal dose of daptomycin and duration of therapy for cSSTIs and randomized controlled clinical trials comparing daptomycin to other antimicrobials such as oral linezolid are needed to further define the role of daptomycin in the treatment of STTIs in the outpatient practice.
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